Site-directed mutagenesis of a highly conserved aspartate in the putative 10-formyl-tetrahydrofolate binding site of yeast C1-tetrahydrofolate synthase.
C1-tetrahydrofolate (THF) synthase is a eukaryotic trifunctional protein possessing the activities 10-formyl-THF synthetase, 5,10-methenyl-THF cyclohydrolase, and 5,10-methylene-THF dehydrogenase. Although the 10-formyl-THF synthetase reaction (a reversible ATP-dependent formylation of THF) has been studied extensively, little is known about specific residues involved in the catalytic mechanism. In this study, we have examined the role of a highly conserved aspartate residue, Asp449 of yeast cytoplasmic C1-THF synthase. Asp449 is part of a putative folate binding site found in many proteins that bind 10-formyl-THF. The corresponding aspartate has been identified as a critical catalytic residue in Escherichia coli and human GAR transformylase, which catalyzes a 10-formyl-THF-dependent formyl transfer. In order to determine if Asp449 has a similar catalytic role in the 10-formyl-THF synthetase reaction, three mutant proteins were produced by site-directed mutagenesis in which Asp449 of yeast cytoplasmic C1-THF synthase was changed to Asn, Glu, or Ala. The mutant proteins were expressed in yeast, purified, and characterized with respect to kinetic properties and enzyme stability. All three of the mutant enzymes retained substantial 10-formyl-THF synthetase activity, indicating that Asp449 is not a critical catalytic residue. However, our data suggest that it does play a role in folate binding, probably by contributing to the proper conformation of the active site. Thus, these results suggest that the 10-formyl-THF binding site differs significantly between the GAR transformylase and 10-formyl-THF synthetase families, and that the conserved aspartate plays different roles in the two enzymes.